Backgroud. CCR6 + CD4 + regulatory T cells (CCR6 + Tregs), a distinct Tregs subset, played an important role in various immune diseases. Recent evidence showed that microRNAs (miRNAs) are vital regulators in the function of immune cells. However, the potential role of miRNAs in the function of CCR6 + Tregs remains largely unknown. In this study, we detected the expression profile of miRNAs in CCR6 + Tregs. Materials and Methods. The expression profile of miRNAs as well as genes in CCR6 + Tregs or CCR6 − Tregs from Balb/c mice were detected by microarray. The signaling pathways were analyzed using the Keggs pathway library. Results. We found that there were 58 miRNAs significantly upregulated and 62 downregulated up to 2 fold in CCR6 + Tregs compared with CCR6 − Tregs. Moreover, 1,391 genes were observed with 3 fold change and 20 signaling pathways were enriched using the Keggs pathway library. Conclusion. The present data showed CCR6 + Tregs expressed specific miRNAs pattern, which provides insight into the role of miRNAs in the biological function of distinct Tregs subsets.
INTRODUCTION
CC chemokine receptor type 6 (CCR6), a family member of chemokine receptor, was widely expressed in various immune cells (Duhen & Campbell, 2014; Paradis et al., 2014; Wong et al., 2013) . The interaction of CCR6 and its distinct ligand CCL20 mediated the migration of immune cells into immune reaction sites (Chen et al., 2011; Kallal et al., 2010) . Recent evidence showed that CCR6 was also functionally expressed on CD4 + CD25 + regulatory T cells (Tregs) (Rivino et al., 2010) . And CCR6 + subset of Tregs, a demonstrated memory/effector phenotype, played an important role in various immune diseases (Kitamura, Farber & Kelsall, 2010) . Kleinewietfeld et al. (2005) reported that CCR6 + Tregs were involved in the pathogenesis of experimental allergic encephalomyelitis (EAE). In tumors, Lamprecht et al. (2008) reported that CCR6 + Tregs might favor immune escape of Hodgkin/Reed-Sternberg (HRS) cells. Similarly, our recent work further showed that CCR6 + subset of Treg cells were dominantly enriched in tumor mass and closely related to poor prognosis of breast cancer patients (Xu et al., 2010) . Notably, the predominant proliferation triggered by DCs was critical for their enrichment and suppressive capacity in tumor mass (Xu et al., 2011) . However, the exact regulation mechanism involved in the biological function including proliferation and suppressive capacity of this Tregs subset remains largely unknown; it might be helpful to understanding the contribution of distinct Treg subsets to immunosuppression and ultimately aid the designing of therapy for clinical related disease.
MicroRNAs (miRNAs) are endogenous, non-coding single-stranded RNAs that are approximately 20 nucleotides in length, and have emerged as a key regulator in physiology as well as pathology attributable to its ability to downregulate gene expression through mRNA destabilization/degradation and translation repression by binding onto either 3 ′ UTR of the target mRNA. Recent studies have shown that different immune cells express distinct miRNA patterns and these miRNA molecules have the ability to modify the expression of target genes and subsequently regulate the function of immune cells (Johanson et al., 2014; Danger et al., 2014; Gigli & Maizon, 2013) . For example, miR-21 was highly expressed in CD4 + T cells (Sommers et al., 2013) , and silencing of miR-21 could alter the proliferation and function of CD4 + T cells (Wang et al., 2014) . However, whether CCR6 + Tregs also expressed specific miRNA patterns and the potential role of these miRNAs in the biological function of these cells remains to be elucidated.
To this end, in the present study, the expression pattern of miRNAs in the CCR6 + Tregs was evaluated. Moreover, the mRNA expression profile which might be affected by these miRNAs also was investigated. Our data showed that CCR6 + Tregs expressed distinct miRNA signatures which associated with different expression of related genes. These findings might provide novel insight in the role of miRNAs in the function of distinct subset of Tregs.
MATERIAL AND METHODS

Animals
Female Balb/c mice 5-6 weeks of age were purchased from the Center of Experimental Animal, Fudan University (Shanghai, China). All animals were housed in the pathogen free mouse colony at our institution and all animal experiments were performed according to the guidelines for the Care and Use of Laboratory Animals (Ministry of Health, PR China, 1998) and all experimental procedures were approved by the Zunyi Medical College Laboratory Animal Care and Use Committee (No. 20130108) .
Flow cytometry
Flow cytometry was performed on a FACSAria (BD Biosciences) with CellQuest Pro software using directly conjugated mAbs against the following human or murine markers: CD4-PerCP, CD25-allophycocyanin, and CCR6-FITC with corresponding isotype-matched controls (either BD Biosciences or eBioscience Systems). Foxp3 staining was conducted using the Murine Regulatory T cell staining kit (eBioscience) and run according to the manufacturer's protocol.
miRNA microarray
All sample labeling and GeneChip procession were performed in Kangchen Biotech Corp (Guangzhou, China). One microgram of total RNA was labeled and then hybridized to miRCURY LNA TM microRNA, 7.0 arrays for 16 h at 48 • C. All washing steps were performed by a GeneChip Fluidics Station 450 and GeneChip were scanned with the GeneChip Scanner 3,000 7G. Partek was used to determine ANOVA p-values and fold changes for miRNAs. Data is accessible at the NCBI GEO database (accession GSE60041). Species annotations were added and used to filter only those miRNAs found in Mus musculus.
Gene expression microarray
Total RNA was first converted to cDNA, followed by in vitro transcription to make cRNA. 5 µg of single stranded cDNA was synthesized; end labeled and hybridized, for 16 h at 45 • C, to Mouse Gene 1.0 ST arrays. All washing steps were performed by a GeneChip Fluidics Station 450 and GeneChip were scanned with the Axon GenePix 4000B microarray scanner. Partek was used to determine ANOVA p-values and fold changes for genes.
Real time PCR
All reagents, primers, and probes were obtained from Applied Biosystems. A U6 endogenous control was used for normalization. Reverse transcriptase reactions and real-time PCR were performed according to the manufacturer's protocols (Applied Biosystems). RNA concentrations were determined with a NanoDrop instrument (NanoDrop Technologies). One nanogram of RNA per sample was used for the assays. All RT reactions, including no-template controls and RT minus controls, were run in triplicate in GeneAmp PCR 9700 Thermocycler (Applied Biosystems). Gene expression levels were quantified using the ABI Prism 7900HT sequence detection system (Applied Biosystems). Relative expression was calculated using the comparative threshold cycle (Ct) method. The primers used for target genes: murine miR-142a (fwd):5 ′ -TGGCATGAGGATCAGCAGGG-3 ′ , murine miR-142a (rev):5 ′ -GGCAGTCCGCAGCTCTAGG-3 ′ ; murine miR-21 (fwd):
Statistical analyses
Statistical analyses of the data were performed with the aid of analysis programs in SPSS12.0 software. Statistical evaluation was performed using one way analysis of variance (ANOVA) or t test using the program PRISM 4.0 (GraphPad Software Inc., San Diego, CA, USA). The p values <0.05 were considered significant and are indicated on the figures accompanying this article as follows unless otherwise indicated: * p < 0.05. Unless otherwise indicated, error bars represent SD.
RESULTS
MicroRNA expression profiles in CCR6 + Tregs
Our previous data showed that CCR6 + Tregs were dominantly enriched in tumors, which was associated with their potential proliferation activity compared with their CCR6 − counterpart (Xu et al., 2010; Xu et al., 2011) . In order to characterize the miRNA expression profile that regulates genes involved in potential proliferation activity of CCR6 + Tregs, we performed a microarray assay using Affymatrix: GeneChip miRNA 3.0 Array that contains 1,111 mouse probe sequences. Microarray assays showed that miRNA were expressed differentially in CCR6 + Tregs. A total of 120 miRNA were significantly altered with the criteria of 2.0 fold change with p < 0.05 (Table 1) . Out of the 120 altered miRNAs, 58 were upregulated in CCR6 + Tregs compared with CCR6 − Tregs. As shown in a pie graph of miRNA distribution based on their fold changes in expression (Fig. 1A) , the majority of miRNAs altered (88 out of 120) fell into the range of 2.0-4.0 fold up or downregulation. Only eleven miRNAs (five up-regulated and another six down-regulated) displayed over 10 fold changes between two groups (Fig. 1B) .
To further investigate which miRNAs was potentially involved in the proliferation activity of CCR6 + Tregs, 6 miRNAs among 120 altered miRNAs, which was well documented related to the proliferation activity of T cells, was shown (Fig. 1C) . In addition, we further confirmed the expression of miR-142a and miR-21 in these 6 miRNAs by quantitative PCR. Data showed that the expression of miR-142a and miR-21 were also significantly upregulated in CCR6 + Tregs compared with those in CCR6 − Tregs respectively (Fig. S1 , p < 0.05), which was consistent with the data in miRNA array.
Gene expression profile and signaling pathway in CCR6 + Tregs
To investigate the possible function of these altered expression miRNA molecules in CCR6 + Tregs, we detected the global gene expression changes in CCR6 + Tregs. CCR6 + Tregs and CCR6 − Tregs were harvested and subjected to gene expression microarray assay. The altered gene expression profiles in CCR6 + Tregs were shown in a heat map ( Fig. 2A) . Given a three-fold change and p < 0.05 (up and down) in differential expression as a cut-off, the number of altered genes was reduced to 1,391; 651 of them were downregulated, and 740 genes were up regulated (Tables 2 and 3) .
To clarify which signaling pathways were altered in CCR6 + Tregs, we applied the KEGG library and performed enrichment analysis for microarray data. Twenty signaling pathways were enriched with the criteria of 2 fold changes (Table 4) , which include the inositol phosphate metabolism, T cell receptor signaling pathway, phosphatidylinositol signaling system, mTOR signaling pathway, primary immunodeficiency and some cancer signaling pathway. Some genes from those pathways were downregulated or upregulated, such as in T cell receptor signaling pathway, ICOS, ZAP70, LAT, PLC-γ 1, ITK, Ras and p38 were downregulated (Fig. 3) . The mTOR pathway evenly consisted of both up and downregulated genes, of which RSK, STRAD and Raptor were downregulated and PIK3c2b, TSC1 and MO25 were upregulated (Tables 2 and 3). Figure 3 Abnormal target genes of differentially expressed miRNAs were significantly enriched in the TCR signaling pathway. The p value calculated by the hypergeometric distribution was set to 0.01. Downexpressed genes were shown in yellow.
DISCUSSION
Previous studies have indicated that CD4 + CD25 + regulatory T cells (Treg) were a heterogeneous cell population comprising different subsets that play distinct roles in diverse animal models or human clinical disease, mediating immune suppression or immune tolerance (Pankratz et al., 2014; Erfani et al., 2014; Lee et al., 2014) . Thus, the investigation involved in regulation of function of distinct subset of Tregs is valuable. Recent evidence showed that CCR6 + subsets of Tregs played an important role in various immune responses such as Villares et al.'s (2009) report that CCR6 + Tregs could inhibit the function of pathological CD4 + Th1 cells mediated EAE pathology. We also found that CCR6 + Tregs, but not their CCR6 − counterpart, could dominantly enrich in tumor mass and potential inhibited the function of effector T cells in vivo (Xu et al., 2010; Xu et al., 2011) . These findings might support the fact that CCR6 + subset of Tregs played a critical role in tumor immunity. However, the regulation mechanism involved in the function of this subset Tregs remains largely unknown. Recent studies provided some clues to this problem since they showed that miRNAs may play a regulatory role in the development and function of Tregs (Smigielska-Czepiel et al., 2014; Fayyad-Kazan et al., 2012) . To gain new insight into the role of miRNAs in the function of CCR6 + Tregs, differentially expressed miRNAs were investigated by microarray assay. Moreover, the regulatory pathways of putative target genes were also analyzed in CCR6 + Tregs. It was found that there were significantly different miRNA expression patterns in CCR6 + Tregs and CCR6 − Tregs. The difference could describe one handred and twenty miRNAs, including 58 upand 62 down-regulated, which had more than 2-fold differential expression between CCR6 + Tregs and CCR6 − Tregs. We speculated that the above two differences might be a reason for different functions such as proliferation activity of CCR6 + Tregs compared with CCR6 − Tregs. miR-142, a distinct member of the miRNA family, is highly conserved across species and is linked to chromosome 3p22.3/12q14. Recent evidence showed that miR-142 was highly expressed in Tregs and could regulate the expansion of Tregs in response to stimulation (Zhou et al., 2013) . In this study, we observed that miR-142 was significantly upregulated in CCR6 + Tregs. Predicated by TargetScan and FINDTAR3, 14 genes were putative targets of miR-142, in which 4 genes was downregulated (Fig. S2) . We also noticed that Gfi1 was downregulated in CCR6 + Tregs, indicating that Gfi1 might be a target of miR-142. Shi et al. (2013a) and Shi et al. (2013b) demonstrated that Gfi1 was critical for the development Notes. a Gray indicates downregulated target genes in the KEGG pathway. b In differentially expressed genes, 15 miRNA target genes were enriched into T cell receptor (TCR) signaling pathway (Fig. 3) .
of Tregs. Moreover, loss of Gfi-1 could endow the aberrant expansion of Tregs through IL-2 signaling pathway. Thus, further study on miR-142 function will help us understand the regulatory role of miR-142 in the function and proliferation of CCR6 + Tregs. MiR-21 is one of the first discovered miRNAs that is known to be widespread in human tissues such as heart, lung, brain and liver. Further data has highlighted that miR-21 can regulate the biological character of various cells including survival, invasion and apoptosis (Shi et al., 2013a; Shi et al., 2013b; Bullock et al., 2013; Niu et al., 2012) . In particular miR-21 was documented as an important regulator actor in the proliferation of cells. For example, Liu et al. (2014) reported that miR-21 could enhance the proliferation of cancer cells through the Akt pathway. Interestingly, recent evidence further showed that miR-21 was also functionally expressed in T cells (Sommers et al., 2013) , miR-21 could support survival of CD4 + T cells, and was an important signature in CD4 + T cells proliferation. Also, silencing of miR-21 could alter the proportion of CD4 + T cells in lupus mice (Wang et al., 2014) . Consistently, we observed an increase in the expression of miR-21 in CCR6 + Tregs. Therefore, further study on the possible role of miR-21 was also valuable for the understanding of proliferation of CCR6 + Tregs.
The data from gene expression microarray showed that 1,391 genes (651 downregulated and 740 up-regulated) significantly changed more than three fold in CCR6 + Tregs. Among them, some genes have been demonstrated to be involved in the proliferation and function of Tregs. For example, TCR signaling pathway was critical for the proliferation and function of CCR6 + Tregs. We noticed that some genes, including ZAP70, LAT and PLC-1 were downregulated, indicating weak transduction of TCR signaling pathway in CCR6 + Tregs. Consistently, previous literature showed that CCR6 + Tregs demonstrated a memory/effector phenotype and more sensitivity for the stimulation of TCR (Kleinewietfeld et al., 2005) . In addition, Hanschen et al. (2012) reported that TCR stimulation could induce rapid and higher activation of ZAP70 in Tregs, indicating that phosphorylation of ZAP70 also might be important for the proliferation of CCR6 + Tregs. Therefore, these altered genes might be good targets for the proliferation and function of CCR6 + Tregs in successive research work. In addition, we would point out that we did not find any prominently annotated biological category using miRNA-mRNA anti-correlations in the present study. We propose this reflects the fact that the interaction of miRNA and mRNA in the biology of CCR6 + Tregs is complex which remains to be elucidated in future work.
In summary, to our knowledge, this is the first time that CCR6 + Tregs, a distinct subset of Tregs, has been shown to express a distinct miRNA profile; this will help us to understand the potential role of miRNAs in the biological function of CCR6 + Tregs.
